Introduction
Nitrite, one of the pollutants widely found in the atmosphere and natural water, is an essential precursor in the formation of nitrosamines, many of which have been shown to be potent carcinogens. 1, 2 Iodate is an essential part of the thyroid hormones that play an important role in the development of brain function and cell growth. A deficiency of iodine can result in serious problems, such as brain damage, mental retardation, and endemic goiter. The iodized salt is recognized as being the method of choice, and the most successful strategy for the prevention of iodine deficiency disorders. 3 Otherwise, an excess of iodine or iodate can produce goiter and hypothyroidism as well as hyperthyroidism. 4 Therefore, the determination of nitrite and iodate plays an important role in several fields, such as foods, 5 drugs, 6 environmental protection and human health. [7] [8] [9] [10] Chitosan (CS) is an amine-rich polysaccharide deprived from chitin, a major component of crustacean and insect shells. It has already been described as a promising material for modification of the electrode surface, due to its attractive properties, such as excellent film-forming ability, good stability, high permeability toward water, strong adherence to the electrode surface, biocompatibility, no toxicity, high mechanical strength and susceptibility to chemical modifications due to the presence of reactive amino and hydroxyl functional groups from its structure. 11, 12 Many studies have reported on the ability of chitosan to bind with metal ions and the support metal nanoparticles, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and several electrochemical sensors have been developed based on the interaction between chitosan and analytes. [24] [25] [26] [27] [28] [29] [30] However, we have not found any papers concerning the detection of iodate using a chitosan-modified electrode. In the present work, we investigated the synthesis of Pt nanoparticles (nano-Pts) by a simple method, and then self-assembled on the chitosan modified glassy carbon electrode. Field-emission scanning electron microscope (FE-SEM), transmission electron microscopy (TEM) and electrochemical techniques were used for characterization of these composites. The results showed that the nano-Pts were inserted into the CS layer uniformly, and had a larger surface area compared to the chitosan-modified glassy carbon electrode. Finally, we discuss the electrocatalytic activity of this nano-Pts/CS/GCE towards the oxidation of nitrite and the reduction of iodate; this self-assembled electrode exhibits excellent electrocatalytic activity towards these two analytes, which can be used as a novel sensor to monitor nitrite and iodate in real applications.
Experimental

Reagents and chemicals
Chitosan (CS) was purchased from Alfa Aesar Co. Ltd. (Tianjin, China). Sodium nitrite, potassium iodate, H2PtCl6·6H2O and NaBH4 were purchased from Shanghai Chemical Co. Ltd. (Shanghai, China). These chemicals were of analytical-reagent grade, and were used without further purification.
All aqueous solutions were prepared in doubly distilled deionized water (resistivity ≥ 18 MΩ cm -1 ). High-purity nitrogen was used for the deaeration of prepared aqueous solutions.
A promising electrochemical sensor was fabricated by the self-assembling of Pt nanoparticles (nano-Pts) on a chitosan (CS) modified glassy carbon electrode (GCE). A field-emission scanning electron microscope (FE-SEM), transmission electron microscopy (TEM) and electrochemical techniques were used for characterization of these composites. It has been found that nano-Pts are inserted into the CS layer uniformly, and have a larger surface area compared to the chitosan modified glassy carbon electrode. Electrocatalytic experiments for the oxidation of nitrite and the reduction of iodate have shown that nano-Pts/CS/GCE can decrease the over-potential and increase the faradic current, which can be used for the sensitive determination of nitrite and iodate. Moreover, the prepared modified electrode exhibits good reproducibility and stability, and it is possible that this novel electrochemical sensor can be applied in the sensing and/or biosensing field. voltammetry (DPV), and electrochemical impedance spectroscopy (EIS) were performed on the electrochemical workstation CHI 660C (CH Instruments Co., Shanghai, China). A conventional three-electrode system was used. A glassy carbon disk electrode (GCE, d = 4.0 mm) was used as the bare electrode for fabrication. An Ag/AgCl electrode and a platinum wire electrode were used as the reference electrode and the counter electrode, respectively. All potentials were reported versus Ag/AgCl, unless stated otherwise. The solutions in the electrochemical cells were thoroughly deaerated by N2 bubbling prior to experimentation. A N2 atmosphere was imposed during all experiments. All experiments were carried out at ambient room temperatures (~20 C) FE-SEM images were obtained using an S-4800 field emission scanning electron microanalyzer (Hitachi, Japan). TEM images were obtained from Tecnai G2 (Fei, USA).
Synthesis of Pt nanoparticles
Pt nanoparticles (nano-Pts) were synthesized according to the literature. 31 First, 25 mL of H2PtCl6 (0.02 mM) and a 1 mM glucose solution were mixed together and stirred for 5 min, and then a NaOH (0.1 M) solution was added to adjust the pH to 8.0. After that, a 400-μL volume of an aqueous NaBH4 (0.05 M) solution was gradually added to the above solution, which were continuingly stirred for 30 min. In the reaction process, we could see the color of the solution change from pale-yellow to gray-brown. From transmission electron microscopy (TEM, shown in Fig. S1 , Supporting Information), it could be seen that nano-Pts were distributed very well with the average diameter being around 5 nm, and had a near spherical shape.
Preparation of nano-Pts/CS composite modified electrode
Prior to modification, the bare GCE was polished repeatedly with 6, 1 and 0.05 μm alumina slurries. After each polishing, it was rinsed with doubly distilled water, and ultrasonicated in ethanol and doubly distilled water for 5 min successively, to remove any adsorbed substances on the electrode surface. Finally, it was dried under a nitrogen atmosphere prior to use.
CS was dissolved in the doubly distilled water to give a final concentration of 0.1 wt%, and we then added HCl (0.1 M) carefully to dissolve CS and to keep the pH of the solution at about 3.0.
According to a reference, 24 we took 4 μL of a 0.1 wt% CS solution to drop onto the surface of the GCE, and then dried under room temperature, denoted as CS/GCE. The formation of nano-Pts on a CS/GCE electrode was carried out by putting CS/GCE in colloidal nano-Pts for 24 h. After that, the modified electrode was rinsed with water and dried with nitrogen for use. The obtained electrode was denoted as nano-Pts/CS/GCE.
Results and Discussion
Characterization of nano-Pts/CS/GCE
The FE-SEM image of the CS film on the surface of GCE is shown in Fig. 1 . From Fig. 1 , it can be seen that CS films are clearly formed on the surface of the GCE, and have typical porous structures, and a large surface area. This porous structure can be useful to adsorb particles and analytes onto the electrode surface to fabricate all kinds of sensors. [24] [25] [26] [27] [28] [29] [30] The electrochemical properties of the modified electrodes were investigated by CV. As shown in Fig. S2 (Supporting Information), a pair of quasi-reversible redox peaks of Fe(CN)6 3- with a peak-to-peak separation (ΔEp) of 71 mV existed at the bare GCE (curve a). The peak current greatly increased at the CS/GCE (curve b); this may be attributed to the electrostatic attraction between the cationic NH3 + group on CS and anionic ions, Fe(CN)6 3- , which is similar to Attard et al.'s report. 32 Moreover, it is well-known that the surface status can affect the shape of the diffusion layer. 33 The CS layer has a porous structure, which probably changes the shape of the diffusion layer, and the Faradic current increases. However, when the electrode was further modified with nano-Pts, the peak current decreased and the ΔEp also increased slightly compared to the CS modified electrode, which may be due to nano-Pts blocking the positive nanopores on the CS membrane and the electrostatic attraction between CS and Fe(CN)6 3-becoming weak. The modified electrodes were also investigated by EIS. It is well known that EIS is a good method to qualitatively demonstrate the effect of a surface modification at the surface of the electrode. Figure 2 shows the EIS of a bare GCE, the CS/GCE and the nano-Pts/CS/GCE in the presence of an equivalent 1.0 × 10 -2 M Fe(CN)6 4-/3-+ 0.1 M KCl, which were measured at the formal potential of Fe(CN)6 4-/3- . It can be seen that at the bare GCE, a large semicircle exists with an approximate diameter of 800 Ω (curve a), which demonstrates that there is a relatively low electron-transfer rate to the redox-probe dissolved in the electrolyte solution. After the GCE was modified by CS, it could be seen that a very small semicircle diameter (Rct = 30 Ω) appeared (curve b), which suggested that the resistance to the anion redox was decreased for the CS/GCE. Interestingly, the Rct value increased to approximately 100 Ω when nano-Pts were self-assembled on the surface of CS/GCE (curve c). These results are inconsistent with the CV data and indicate that a successful modification of CS and Pt nanoparticles occurred on GCE. Figure S3 (Supporting Information) shows the CV obtained for the CS/GCE and nano-Pts/CS/GCE in 0.5 M H2SO4. The CS modified electrode does not show any characteristic peak in the potential range used, whereas the nano-Pts/CS modified electrode displays the characteristic voltammetric profile associated with the absorption and desorption of the hydrogen and oxygen-containing species. 34 Based on the hydrogen adsorption charge from Fig. S3 (Supporting Information) and the characteristic value of the charge density associated with a monolayer of hydrogen adsorbed on polycrystalline platinum (210 μC/cm 2 ), 35 the active surface area of nano-Pts/CS electrodes can be obtained (0.81 cm 2 ).
Electrocatalytic behaviors of nitrite and iodate
In order to test the activities of nano-Pts/CS/GCE, nitrite and iodate were selected as testing species in the electrochemical experiment. Figure 3(a) shows the CV responses at bare GCE (curve 1), CS/GCE (curve 2) and nano-Pts/CS/GCE (curve 3) in the presence of 5.0 × 10 -3 M nitrite with pH 4.0 PBS. It could be seen that an irreversible oxidation peak was obtained at about 0.78 V using nano-Pts/CS/GCE, which was 1.5-fold increase compared to that at CS/GCE and 1.8-fold to that at the bare GCE. It is well-known that oxygen evolution can occur at a neutral or weakly acidic buffer solution if the potential is high enough, which can probably affect the determination of nitrite. The CV of the same buffer solution used above at nano-Pts/CS/GCE was performed and the results are listed in Fig. S4 (Supporting Information) . From Fig. S4 (Supporting Information), it can be observed that oxygen evolution will take place when the potential is larger than 0.8 V and the faradic current is small, which almost does not affect the oxidation of nitrite. On the other hand, as can be seen in Fig. 3(b) , CVs of 2.0 × 10 -4 M iodate were also obtained in the pH 2.0 H3PO4-KH2PO4 solution. The reduction peak appeared at about -0.15 V using nano-Pts/CS/GCE (curve 3). However, at CS/GCE (curve 2) and bare GCE (curve 1), we could obtain no reduction peak. Furthermore, although there is large hydrogen evolution peak (< -0.25 V, shown in Fig. S5 , Supporting Information), it does not affect the oxidation of iodate. From the above description, it can be seen that nano-Pts/CS/GCE shows excellent electrocatalytic activity towards the oxidation of nitrite and the reduction of iodate.
This excellent electrocatalytic activity may be attributed to the high surface area of CS, which has a 3-D nanoporous structure, and excellent electron-transfer ability of the nano-Pts/CS film, which leads to a larger electroactive surface of the modified electrode for the detection of nitrite and iodate.
To investigate the reaction mechanism, the effect of the scan rate versus the peak current of iodate at the nano-Pts/CS/GCE was investigated; the results are shown in Fig. 4 . From Fig. 4 , it can be seen that the peak currents of iodate reduction were proportional to the square root of the scan rates in the range of 10 -200 mV/s in a pH 2.0 H3PO4-KH2PO4 solution, as shown in the inset of Fig. 4 . The linear relationship between the peak current obtained from the first scan and the scan rates is given by ip (μA) = -0.60 + 1.41v 1/2 (mV 1/2 s -1/2 ) (r = 0.9992), indicating the presence of a diffusion-controlled process. Similarly, the effect of the scan rate versus the peak current of nitrite at the nano-Pts/CS/GCE was also investigated (shown in Fig. S6 , Supporting Information) and there also exists a linear relationship between the peak current and the square root of the scan rates indicating a diffusion-controlled process.
Furthermore, chronoamperometry experiments were carried out at different concentrations of nitrite and iodate at the nano-Pts/CS/GCE to determine the diffusion coefficient by setting the working electrode potential at 0.78 V and -0.15 V (Fig. 5) . The diffusion coefficient was obtained according to the Cottrell equation,
where D is the diffusion coefficient (cm 2 s -1 ), A the area of the (planar) electrode (cm 2 ), F the Faraday constant (96485 C/mol), n the number of electrons and C the bulk concentration (mol cm -3 ). The calibration curves were recorded in a PBS solution containing different concentrations of nitrite and iodate from 5.0 × 10 -6 to 1.0 × 10 -4 M, and 1.0 × 10 -4 to 8.0 × 10 -4 M, respectively (Fig. 5, inset) . Plots of i vs. t -1/2 with the best fit for different concentrations of nitrite and iodate are shown in Fig. S7 (Supporting Information) . The slopes of the resulting straight lines were then plotted versus the concentrations of nitrite and iodate (Fig. S7, inset In order to optimize the electrocatalytic response of the modified electrode, the effect of the pH on the catalytic behavior was investigated. It is known that nitrite anions are not stable in a strong acidic medium and can undergo the following transformation: 38, 39 2H + + 3NO2 -→ 2NO + NO3 -+H2O (2) The decrease in the peak current at a lower pH (<4.0) may be attributed to the conversion of NO2 -to NO and NO3 -. On the other hand, because the pKa of HNO2 was 3.3, most nitrite anions were protonated in this acidic solution. 40 When the pH was above 4.0, the layer of adsorbed oxygen can be easily formed on the Pt surface, which will slow down the nitrite oxidation process reaction at higher potentials. [41] [42] [43] Therefore, pH 4.0 was adopted as the optimum pH value in our experiments. The CVs of the modified electrode in an iodate solution at different pH (1.0 -6.0) have also been investigated; the catalytic currents began to decrease with the increasing of the pH, and nearly disappeared when the pH value was above 5.0. This is related to the proton taking part in the electrochemical reaction. 9 It can be found that the highest peak current occurs at pH 2.0 from Fig. S8 (Supporting Information) . Although CS can be easily dissolved in a highly concentrated acid solution, the stability is good in an acid solution (pH 1.8 -4.0). [44] [45] [46] Thus, pH 2.0 was chosen as the optimized condition in our experiment. 
Performances of the nano-Pts/CS/GCE for the determination of nitrite and iodate
Under the optimal conditions, the relationship between the oxidation (reduction) peak current and the concentration of nitrite (iodate) at the nano-Pts/CS/GCE was recorded by the DPV method in static solutions. As shown in Fig. 6(a) , the peak current was proportional to the concentration of nitrite in the range of 4.0 × 10 -6 to 1.68 × 10 -3 M. The linear regression equation was given by ipa (μA) = 0.016C (μM) -0.026 (n = 6, R = 0.9994), with a low detection limit of nitrite to 9.4 × 10 -7 M (S/N = 3). In addition, as shown in Fig. 6(b) , the peak current was also proportional to the concentration of iodate from 3.0 × 10 -6 to 5.6 × 10 -4 M, and the linear regression equation was given by ipa (μA) = 0.039C (μM) + 0.532 (n = 8, R = 0.9995); the detection limit of iodate was about 8.6 × 10 -7 M. In comparison with the nitrite and iodate detection performances reported previously with various chemically modified electrodes (shown in Table 1 ), this method had a relatively low detection limit, high sensitivity, and a wide linear range. This result may be attributed to the nano-structured Pts/CS film, which can greatly enhance the electroactive areas of the GCE, and exhibits excellent electrocatalytic activity toward the oxidation of nitrite and the reduction of iodate.
The reproducibility and stability of the nano-Pts/CS/GCE
We usually use the relative standard deviations (RSD) for several parallel measurements to assess the reproducibility of a modified electrode, and the changes in the peak current value at different times (such as days, months, etc.) to assess the stability of the modified electrode. [44] [45] [46] [47] In order to investigate the reproducibility of the performance of the modified electrode, electrochemical experiments (cyclic voltammetry) were repeatedly performed 15 times with the nano-Pts/CS/GCE in a solution containing 5 mM nitrite. The RSD was 2.6%, demonstrating an excellent detecting reproducibility. Additionally, the stability of nano-Pts/CS/GCE was also investigated. For the detection of 2.0 × 10 -4 M iodate, there was no significant decrease in the current response in the first 5 days. An 85% response current still retained after 30 days. Therefore, the stability of the modified electrode was excellent; this high reproducibility and stability were due to the stability of the modified film.
Interferences and samples analysis
Possible interferences for the detection of nitrite and iodate were studied; fixed amounts of nitrite (0.1 mM) and iodate (0.02 mM) were taken with different amounts of foreign species, and the recommended procedure was followed as described in the Performances of the nano-Pts/CS/GCE for the determination of nitrite and iodate section. The results indicated that common ions, such as Na 2-and BrO3 -do not interfere with detection in a 60-fold concentration. Uric acid, methanol and glucose had no effect on the detection. These results show that the modified electrode had good selectivity for both nitrite and iodate.
The modified electrode was applied to the analysis of iodized salt, and experiments were studied in samples of iodized table salt for the determination of both nitrite and iodate. Recovery studies were carried out on samples to which known amounts of nitrite and iodate standards were added. The results obtained by the DPV method are given in Tables 2 and 3 . From these tables, it can be seen that the results for the determinations of nitrite and iodate in the real samples are satisfied.
Conclusions
A simple and sensitive electrochemical sensor for the detection of nitrite and iodate was fabricated by self-assemble nano-Pts on the surface of CS/GCE. This nano-Pts/CS/GCE showed excellent electrocatalytic activity towards the oxidation of nitrite and the reduction of iodate, and can be used for the detection of nitrite and iodate. The sensor shows a low detection limit, a wide linear concentration range, good reproducibility, and high stability. We hope that this novel sensor can be used in real sample analysis in the near future. 
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